Background
Among all cancers, breast cancer (BC) is the most common cancer in the world. 1 Today, an increasing prevalence of cancer risk factors and population age has led to an increased rate of cancer, 2, 3 including BC, 4, 5 where one in nine women will develop breast cancer during their lifetime. BC is also the most common cause of cancer death among women and contributes to a substantial proportion of the global cancer burden. [6] [7] [8] [9] Various studies have shown that increasing age is the initial factor for many women developing BC. 10 Another factor contributing to the increased risk of BC is the inheritance of a mutation in BRCA1 or BRCA2 genes. 11 Moreover, lifestyle and environment are 2 of the most important factors for developing BC. 12 Some studies have demonstrated that a number of variables, including genetic background and environmental factors, are involved in the development of BC. [10] [11] [12] The major risk factors for developing BC include advancing age, family history, genetic factors, diet, lifestyle, obesity, smoking, alcohol consumption, early menarche, late menopause, older age at first birth, history of unilateral cancer, reproductive factors and hormones, some other malignancies such as ovary and endometrial carcinoma, and exposure to carcinogens (e.g., metal compounds). [10] [11] [12] [13] Various studies have established the relationship between exposure to metallic compounds and the risk of developing BC.
14 Toxic metals are known risk factors for a variety of cancers. [15] [16] [17] [18] Each of the toxic elements, including Arsenic (As), Cadmium (Cd), and Nickel (Ni), is classified in human carcinogen group 1 by the World Health Organization (WHO). 19 It was shown that As can induce chromosomal disorders and conversion of chromatids. 20 These toxic elements can lead to cancer by alterations they induce in cell differentiation and proliferation, and an increase in cellular tyrosine phosphorylation, which is associated with abnormal cellular signaling and uncontrolled cell growth. [21] [22] [23] Cd inhibits DNA synthesis, mismatch repair, and enzyme function. 24 Ni compounds with inhibition of intercellular connection could exhibit tumor-promoting ability through some mechanisms, such as 25 immortalization of epithelial cells, 26 generation of DNA protein cross-links, blockage of nucleotide cutting repair, 27 and an increase in gene expression through DNA methylation. 28 The high prevalence of mortality and morbidity in BC patients worldwide warrants comprehensive plans to prevent and cure this disease. Strategies and programs for the prevention of non-communicable diseases have all emphasized appropriate evaluation and management of risk factors. Preventing risk factors of BC may not only reduce the incidence of BC in the population but also enhance the efficacy and improve the prognosis of expensive therapies currently used for its treatment. As the toxic elements such as As, Cd, and Ni have been found to be risk factors for BC in some studies, it is of paramount importance to investigate their influence on BC, which can be an important approach for prevention and treatment of this disease. There are various reports with different findings on the critical role of toxic elements in the pathogenesis of BC and several studies have underscored the association between As, Cd, and Ni concentrations in individuals with BC. Thus, in order to confirm the findings of conducted studies hitherto, performing a meta-analysis is necessary. It seems that the assessment of the influence of heavy metals (As, Cd, and Ni) in BC via meta-analysis can result in an overall and clear understanding of this disease; combination of different studies via meta-analysis can lead to an appropriate sample size and better resolution. It can also provide an overall precise and valid understanding of the problem as compared with other studies. The aim of this study was to provide an overall summary measure of the influence of As, Cd, and Ni on BC by reviewing available studies.
Materials and methods

Search strategy
An extensive search was carried out in English databases, including Scopus, PubMed /Medline, EmBase, Cochrane Library, and ISI Web of Science, for published case-control studies up to February 2015. The following keywords were used in the search: Breast Cancer, toxic elements, Arsenic (As), Cadmium (Cd), Nickel (Ni), plasma concentration, breast tissue concentration, Scalp Hair concentration, toenail concentration and their combination. To expand the search, the wildcard symbol "*" was used and the search words or phrases were combined using Boolean operators. Furthermore, reference lists of all the relevant original and review articles were manually searched for additional references. Our meta-analysis was limited to studies published in English.
Inclusion and exclusion criteria
All epidemiologic manuscripts containing the keywords in their titles or abstracts were collected. Eligible studies included epidemiologic manuscripts that analyzed As, Cd, and Ni levels in BC patients and healthy subjects. We limited the final review to studies conducted on humans. Studies in languages other than English were excluded, since they were not epidemiologic and case-control studies, presented insufficient data, or were not conducted on humans (i.e., animal studies). Review articles, meta-analyses, or duplicate publications were also excluded.
Data extraction
In this study, essential data such as first author, year of publication, location, sample size, As, Cd, and Ni concentrations in patients and healthy individuals, mean difference, As, Cd, and Ni screening method and sample specimens were extracted (Figure 1 for study flow chart). The articles were independently reviewed by 2 authors and discrepancies between them were resolved in a joint meeting through consensus. The data were entered into data collection forms and Microsoft Excel. This article was written according to PRISMA guidelines. 
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Statistical analysis
Studies were combined based on the sample size, mean, and SD. The difference between the average variance of the normal distribution of each study was calculated using the binomial distribution formula. To assess heterogeneity of the studies, Q-test and the I 2 index were used. Due to the importance of heterogeneity in the studies, random-effects model was used. In this meta-analysis, publication bias was checked using funnel plot and Begg's test. Sensitivity analysis was carried out to find the impact of the major studies on overall results. STATA software (version 14) was used to analyze the data. P<0.05 was considered as a significant level in the testing of the hypnosis.
Results
Our search strategy yielded 73 potential articles for inclusion. In the initial screening, based on title and abstract evaluation, 27 articles were excluded and 46 retained for further evaluation. In the next step, we excluded another 31 articles (8 review articles, 12 articles for lack of enough information, and 11 duplicate articles) based on full-text evaluation. Finally, 15 case-control studies that were published between 1984 and 2015 were selected to enter the meta-analysis 19, 24, 35, 36, [52] [53] [54] [55] [56] [69] [70] [71] [72] [73] (Figure 1 ). Taking into consideration all the included studies, the total sample size was 2274 individuals, of whom 1235 patients had BC and 1039 were healthy subjects. General characteristics of the 15 selected studies in this meta-analysis are summarized in Table 1 . Effect size was defined as standard mean deference (SMD). The variance of SMD was calculated using normal distribution. It was observed that the standard units for measuring Cd, Ni, and As concentrations differed in the selected studies. In some articles, microgram per liter (μg/L) was used and in others microgram per gram (μg/g) was reported, therefore we used SMD in analysis.
Also, the selected studies differed in terms of their type of sample specimens. Thus, in the present study, due to different measurements of Cd, Ni, and As concentrations, the levels of these elements in patients with BC and healthy subjects were measured in various subgroups (1: plasma, 2: breast tissue, and 3: scalp hair and toenail). Table 2 presents the overall results obtained from the analysis of the extraction data on the relationship between As, Cd, and Ni concentrations with BC in various subgroups.
We identified 11 studies reporting the association between Cd concentrations and BC.
Among these studies, 7 showed a significant association between Cd concentrations and BC risk, whereas the other 4 
studies identified through Google scholar,
PubMed and Scopus database searching Excluded: Title was irrelevant, n=17
Excluded: Topic was irrelevant, n=10
Abstract evaluation n=56
Full-text evaluation n=46
Articles included n=15 31 articles were excluded: -Review articles, n=8 -Lack of enough information, n=12 -Duplicate studies, n=11
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Jouybari et al studies showed no significant associations ( Figure 2 ). As is seen in Table 1 , Cd status based on analysis of plasma, breast tissues, and scalp hair was reported in 2, 2, and 6 studies, respectively. The present meta-analysis showed a statistically significant difference in Cd statuses between healthy controls and BC patients only in one subgroup (scalp hair and toenail), the SMD of which was 3.64 (95% CI: 2.08-5.21; P=0.00), However, the overall integration of data from 11 studies into our meta-analysis demonstrated that Cd status was associated with increased BC risk using a random-effects model with the SMD being 2.45 (95% CI: 1.40-3.50; P=0.000) (Figure 2) . Figure 3 shows the findings of the meta-analysis conducted on the relationship between Ni concentrations and BC in various subgroups. As can be observed, in 1 study, Ni status was based on the analysis of "plasma" and in 6 studies, "breast tissues" were the sample specimens used, whereas in the other 5 studies, "scalp hair" was the sample specimen. The results of our meta-analysis were indicative of a statistically significant difference in all subgroups. The SMD were as follows: 1: plasma 7.59 (95% CI: 5.37-9.81; P=0.00), 2: breast tissue 0.84 (95% CI: 0.51-1.17; P=0.00), 3: scalp hair 3.25 (95% CI: 0.67-5.83; P=0.014). The overall integration of data from the 3 groups led to the conclusion that differences were found in Ni status between healthy and BC patients, with the mean difference being 2.33 (95% CI: 1.26-3.39; P=0.000).
In the present meta-analysis, 11 studies reported the relationship between As concentrations and BC in various subgroups; 1 study was based on the analysis of plasma, 4 studies were based on the analysis of breast tissues, 5 studies were based on the analysis of scalp hair, and 2 studies based on the analysis of toenail (Table 1) . Our findings indicated no statistically significant difference in all subgroups; As statuses between healthy controls and BC patients showed the SMD for plasma was 0.38 (95% 74 Pasha et al 74 Alatise and Schrauzer 35 Blaurock-Busch et al 24 Benderli Cihan et al 36 Wadhwa et al 19 Foster et al 52 Millos et al 51 Romanowicz (Figure 4 ). Also, among 11 studies reporting the association between As concentrations and BC, only 3 showed a significant link between As concentrations and BC. As seen in Figure 4 , by using a random-effects model, the overall integration of data from these studies showed no association between As status with the risk of BC; the SMD of which was 0.52 (95% CI: −0.12 to 1.16; P=0.114).
Publication bias
Publication bias was checked using Begg's funnel plot. To check publication bias, the studies were sorted from the most precise to the least precise (according to standard error) and then we ran a cumulative random-effect meta-analysis.
There was no significant publication bias (P=0.484); this meant that both tests (1 with positive and the other with negative results) have been published (Figure 4 ).
Discussion
Heavy metals are formed as a result of industrial processing. As these contaminate the environment, this is a growing concern for bioaccumulation of heavy metals in the body. 29 Complexes with different organic compounds are formed in these heavy metals, which disrupt the physiological functions of the body with their toxic effects. 30 The toxic effects of heavy metals include: DNA damage, impaired mitochondrial function, oxidative stress, deregulated cell growth, and cell death. 31 In the present meta-analysis, we examined the relationship between BC and Cd levels. Combining the results from Pasha et al 74 Pasha et al 74 Alatise and Schrauzer 35 Benderli Cihan et al 36 Wadhwa et al 19 Rizk 
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Association between Cd, Ni and As concentrations and BC risk 11 epidemiologic studies ( Figure 2) indicates that high levels of Cd were positively associated with the risk of subsequent BC (P=0.000). Recent clinical studies have revealed that high concentrations of Cd are found in BC patients; 32 these levels are significantly higher than those in normal controls. 33 Also, in some studies, a marginally significant association was observed between BC risk and Cd levels. 19, 24, [34] [35] [36] A case-control sample of women living in Long Island also found a similar association. 37 Similar to these studies, the Long Island study estimated that about 35% of BC occurring in the USA may be attributed to exposure to Cd. Since the case-control studies were conducted in BC patients, it is not clear whether Cd is linked to the risk of developing BC. In a recent prospective cohort study on postmenopausal women, it was reported that the risk of BC increases with long-term dietary intake of Cd. 38 Although these studies suggest a correlation between Cd exposure and the incidence of BC, they fail to determine whether Cd plays a role in the etiology of BC or not.
In the present study, the relationship between Ni levels and BC was examined. Combining the results from 12 epidemiologic studies (Figure 3) indicates that high levels of Ni were positively related to the risk of subsequent BC. Essential metals such as Ni have a key role in membrane integrity and permeability, metabolism and respiration, cell proliferation, and death. 39, 40 But diseases or toxicity may occur in the wake of variations in their concentrations. [40] [41] [42] For example, low concentrations of essential metals have a key role in enzyme activity but high concentrations disrupt enzyme activity. 41 International Agency for Research on Cancer has classified certain Ni, Cd, and even As compounds as carcinogenic since the late 1970s and 1980s. 32, 43, 44 Our results demonstrated Rizk and Sky-Peck 54 Drake and Sky-Peck 53 Garg et al 55 Millos et al 51 Garland et al 56 Alatise and Schrauzer 35 Benderli Cihan et al 36 Blaurock-Busch et al 24 Wadhwa et al 19 Foster 
76
Jouybari et al that high levels of Ni and Cd were positively related to the risk of BC. These findings are similar to a review conducted by Aquino et al in which the relationship between Cd, Ni, and cancer was examined. They found that most studies analyzed how exposure to heavy metals influences the progression and development of BC. 45 Aquino et al 45 concluded that continuous exposure to Ni and Cd at concentrations well below standard WHO limits is still dangerous due to the bioaccumulation phenomenon and especially high affinity for specific organic proteins like estrogen receptors (ERs).
Recent studies have revealed that Ni and Cd can imitate the activities of estrogens and disrupt endocrine functions of the body. As a result, metalloestrogens is the result of this process. 31, 46, 47 Byrne et al 48 in a review study demonstrated that metalloestrogens such as Cd and Ni include bivalent cations and metal/metalloid anions. In the absence of estradiol, metalloestrogens activate ERs. Therefore, exposure to these metals can increase BC risk. However, since estrogen has a key role in the progression of BC, metalloestrogens may contribute to the progression and development of BC by activating the ERs. 47, 49 In recent years, environmental exposure to the metalloestrogens has increased significantly and become quite widespread. One of the specific characteristics of most metalloestrogens is having a long biological halflife (e.g., Cd has a half-life of 10-30 years) and hence their accumulation in the body, especially in breasts. 48 Evidence has shown that Cd may play a role in BC by activating ERα in vivo and in vitro. 48 It is hypothesized that an important step in the carcinogenic process is the activation of ERs through metal-induced processes. 50 In addition, Cd has been shown to induce various pro-survival and cell cycle regulatory genes. These results suggest that even low dose and acute exposure to Cd can cause DNA damage in normal BC cells. 46 However, although there is evidence linking exposure to this metal with BC, the etiological role of metalloestrogens (Cd, Ni, etc.) as underlying agents of the disease is yet to be established by more solid evidence.
In the present meta-analysis, the relationship between As levels and BC was examined. Combining the results from 11 epidemiologic studies (Figure 4 ) reveals that there are no associations between the levels of As and BC risk (P=0.114). Some studies indicate that the levels of As are higher in samples of cancer patients when compared with healthy controls; 19, 36, 51 whereas, no statistically significant difference was found among As statuses, controls, and BC in most selected studies in this meta-analysis. 24, 35, [52] [53] [54] [55] [56] Even sketchier is the evidence linking As to BC. Although, Hinwood et al in their case study in Australia reported that 40% of the BCs were caused by As-contaminated drinking water; 57, 58 in vitro and in vivo studies indicate that As disrupts the function of ER and actually suppresses the signaling pathway of estrogen. 59, 60 Research findings from a review conducted by Aquino et al demonstrate that As is a potential metalloestrogen. 45 With regard to As-induced cancer, several modes of action have been proposed for carcinogenicity of As, including inducing genetic damage, inhibiting DNA repair, altering DNA methylation patterns, inducing cell death and proliferation, and acting as a cocarcinogen. 61 Moreover, the association between different types of cancer and As exposure has been reported. 62 There is some evidence of carcinogenic effects of As-contaminated drinking causing various cancers. 19 Nonetheless, a large body of evidence indicates that As compounds induce cell death in BC cells and therefore use of these toxic compounds can be justified in the treatment of BC.
For example, the effects of estradiol are copied by sodium arsenite and this process leads to the proliferation of cells in the estrogen-responsive BC cell line MCF-7, while the S-phase recruitment is increased. 63 Interestingly, with regard to the proliferation of cells, a paradoxical effect was observed. Cell proliferation was induced by lower concentrations (<5 μM) of sodium arsenite while apoptosis was caused by longer treatment periods or higher concentrations (>5 μM). 64 In addition, As influences the contribution of enzymes in the folate cycle. 64 Liu et al 65 and Wang et al 66 showed that the proliferation of cells significantly increased after 24-hour exposure to As 2 O 3 (0.01-1 μM) and a progression from the G1 to S/G2 phases occurred in the non-tumorigenic MCF10A breast epithelial cell line. Some effects are possibly due to the reduced clearance of plasma, an enhanced tumor uptake, and an induction apoptosis process of tumor cells. 67 Exposure of humans to these metals is primarily through dietary sources of water and food, air, cigarettes, and occupational exposure, which leads to their significant accumulation in the body. 48 
Limitations
The limitations of the current study were largely related to the methodology used for the reviewed studies. One of the limitations in our study was the fact that no age group was analyzed. A recent study published by Julin et al 
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Other limitations are as follows: 1. All methods of variance measurement were not uniform. 2. Not enough information was available about the lifestyle and nutrition of the participants. 3. Different kinds of screening methods and not a uniform standard unit for measuring toxic elements' concentrations in different articles were found.
Conclusion
A large body of evidence confirms serious concerns over the growing use of environmental contaminants such as Cd and Ni, as the health of thousands of people can be jeopardized even by minimal levels of Ni and Cd. In conclusion, this meta-analysis, based on random-effects model, confirms a direct and positive association between the risk of BC and Ni and Cd concentrations. Overall, contaminants like these metals are among possible risk factors for causing cancer due to their widespread proliferation in water and food sources, and vast application in various industries. Therefore, Cd and Ni concentrations must be meticulously controlled in sources of water, food, medicine, etc. In summary, the results of this study can be used in clinical trials for the prevention of BC by controlling Ni and Cd levels in diet.
